Plastics
The existence of plastic dates back more than a century. Its genesis can be traced back to 1907, when Bakelite, an electrical insulator, was invented. It was the first fully synthetic plastic, meaning it contained no molecules found in nature (Geyer et al., 2017) . Plastics are artificially produced products that are more durable and persistent in terms of biodegradability than many other materials. They contribute immensely to the livelihood of most societies. They can be produced at an inexpensive rate and their nature of adaptability and lightweight provide them with a range of applicability, which includes consumer products, construction, food packaging, as well as production of medical equipment. In spite of all the benefits derived from plastics, they remain one of the major challenges to the environment. About 8300 million metric tonnes (t) of plastic have been generated to date. An approximate 6300 t of plastic waste was produced in 2015, and of this amount, 79% of them were dumped in dumpsites or landfills, 12% were incinerated, while 12% of them were recycled. Currently, about 50% of the generated plastics are in the environment or in landfills and dumps. It is estimated that with continued generation of plastic waste at its current rate under current waste management practices, 12,000 t will end up in the natural environment or in the landfills by the year 2050 (Geyer et al., 2017) . Similarly, the current volume of 4.9 billion tonnes of the world plastics waste could reach an estimate of 12 billion tonnes by 2050. About 7800 t of fibres and resins had been produced from 1950 through 2015. Of this amount, 3900 t was produced in the last 13 years. Currently, 68% of global fibre and 28% of global resins are produced by China alone (Mills and OrbiChem, 2011) . The occurrence of plastic debris in ocean basins had been reported, with an estimated generation of 4 to 12 million tonnes of plastic waste on land that reach the ocean environment (Jambeck et al., 2015) .
In terms of recycling, the rate of plastics recycling in Europe, China and the USA are 30% 25% and 9%, respectively. Statistics on waste management for 2014 from another 52 countries have shown that the majority of the world has incineration or recycling rates similar to that of US. Most of the monomers that serve as raw material for the production of plastics, such as propylene and ethylene, came from fossil hydrocarbons. However, all of the most commonly used plastics are not biodegradable. As such, instead of decomposing, they simply accumulate in the environment or in landfills. One reliable method for permanent elimination of plastic waste is to employ destructive thermal treatment. However, this technology has its own drawbacks in terms of air emissions (Barnes et al., 2009) .
So, what can be done about this? One alternative is for society to reduce the consumption of plastics, particularly single-use products. For instance, many communities and corporations have already stopped using or buying plastic straws and bags. It is really not difficult for people to carry their own reusable plastic or fibre shopping bags, however, it appears that many people still prefer single-use bags, probably owing to inertia and convenience. Another alternative is reusing plastic. This is more commonly applied to plastic containers and bags. It is really easy to reuse plastic bags and containers, however, reusing some plastic items, like straws, is somehow not possible. Recycling is another alternative that may be more efficient. There are different types of plastics, some of them can easily be recycled, while some are difficult to recycle. In practice, for recycling to be efficient, there is need for pre-sorting, which is usually done manually and this makes recycling more time consuming. In order to do away with such sorting difficulties, there are different technologies that can be employed for separation of mixed plastics based on different properties of the polymers, such as electromagnetic, density and surface properties. Some of the technologies involved include plasma spectroscopy, X-ray fluorescence, mass spectroscopy, Raman spectroscopy or vibrational spectroscopy (Beigbeder et al., 2013) . So, 'reduce, re-use and recycle' all help to reduce plastic contamination introduced into the environment, but more needs to be done. The more reliable approach might be development, production and use of biodegradable plastics. There have been efforts to produce plastic from plant-based materials. One of the most promising is the polylactide (PLA), which is derived from lactic acid in corn. This compound is biodegradable even though the process is slow under natural conditions.
Microplastic
Plastic particles that are less than 5 mm in size are commonly referred to as microplastics (Anderson et al., 2016) . While the upper size limit of microplastics is 5 mm, the lower limit is often stretched as far as 10 nm. Microplastics are classified into two types, depending on the mode of their formation, as primary microplastics and secondary microplastics. Primary microplastics are manufactured for intended purposes, such as abrasives (Auta et al., 2017 ), pellets (Veerasingam et al., 2016 in industries and mainly as exfoliants or microbeads in domestic products (Napper et al., 2015) . On the other hand, secondary microplastics are formed by physical degradation of plastic debris and thus are fragments of plastic less than 5 mm in size (Andrady, 2011). The domestic use of primary microplastics results in its unintentional release into the aquatic environment (Rochman et al., 2015) . Plastic debris, on the other hand, which ends up in oceans owing to land-based or marine-based activities then goes through fragmentation with time owing to photo-thermal degradation and/or wave or tidal actions, and results in generation of secondary microplastics. Although attempts have been made to document plastic debris entering seas and oceans, there are no reliable estimates of concentration of plastic debris at regional or global scales. Furthermore, factors like luminance, temperature, oxygen level, molecular weight distribution of polymers and presence of additives also affect the fragmentation of plastic debris. Hence, degradation of plastics is a complex process.
Microplastics are ubiquitously present on our planet, from densely populated areas to remote areas. About 51 trillion particles of microplastic were reported on the ocean surface globally (van Sebille et al., 2015) . On the other hand, the concentration of microplastics in freshwater are, depending on location, 1 million pieces per cubic meter, to less than 1 piece in 100 cubic meters (Li et al., 2018) . They are also present on beaches of every continent. Microplastics have been reported in deep-sea sediments, 13.4 items per 50 ml of sediment (Woodall et al., 2014) , in Arctic ice cores; 38-234 items m -3 (Obbard et al., 2014) , even though in lesser quantity of microplastics compared with global concentration, also microplastics have been reported in Antarctic as well, 0.17 ± 0.34 items m -3 (Cincinelli et al., 2017) . Similarly, microplastics are also found in mid-ocean gyres from 2000 to 170,000 items km -2 (Brach et al., 2018) . When it comes to microbeads about 8 billion microbeads are released from municipal wastewater treatment plants (WWTPs) per day in the USA alone (Rochman et al., 2015) .
Owing to universal abundance of microplastics, their widespread presence in the environment has resulted in direct or indirect ingestion by organisms. Microplastics have been reported in a wide range of living organisms from terrestrial to marine. They have been found in freshwater birds (i.e. omnivorous and carnivorous ducks) and gular pouch (Amelineau et al., 2016; Holland et al., 2016) and fish (i.e. sand trout, stripped red mullet, Nile perch, etc.) (Alomar et al., 2017; Khan et al., 2016; Peters et al., 2017 ), in mussels (Li et al., 2016; Vandermeersch et al., 2015) and crustacean (i.e. lobsters, shrimp, copepods, etc.) (Akhbarizadeh et al., 2018; Murray and Cowie, 2011; Sun et al., 2017) and in blood worms (Nel and Froneman, 2018) .
Chemicals, such as phthalates and polybrominated diphenyl ethers (PBDEs), added in the plastic during manufacturing to increase their shelf life (Thompson et al., 2009 ) usually leaches out of plastics and hence further contaminates the surrounding environment or negatively impacts biota (Lithner et al., 2011) . Moreover, factors such as greater Van der Waals forces, larger surface area and crystallinity creates the potential of absorption and adhesion of contaminants from the surrounding environment (Holmes et al., 2014) . Contaminants of concern in this regard are polychlorinated biphenyls (PCBs), PBDEs and perfluorooctanoic acid (PFOA) released from pesticides or industrial chemicals (Wurl and Obbard, 2004) . There is a growing evidence that these chemicals are then transferred from ingested microplastics to tissues of organisms. This transfer of chemicals in living organisms then leads to biomagnification and bioaccumulation.
By 2050, an additional 33 billion tonnes of plastic is estimated to be introduced into the planet. As most plastic polymers are recalcitrant, this great input of plastic poses a grave risk to human and environmental health. Owing to the daily usage of plastic products, as we are exposed to the plasticrelated chemicals via oral, dermal and respiratory exposure, these chemicals are spreading throughout the human body (Prata, 2018; Rist et al., 2018) . A big issue of waste management systems is indiscriminate disposal as it allows plastic wastes to infiltrate the ecosystems, threatening contamination of the food chain. The main concern has been microplastics smaller than 1 mm in size that are increasingly abundant in the aquatic, terrestrial and marine environment. Yet, the risk of harm to human health by microplastics and nano-plastics of the environmental origin is understudied.
Nano-plastics
The abundance and impacts of easily visible plastic debris have been widely reported in the literature, but research focus is shifting towards microplastics. However, plastic particles of less than 100 nm in size have also been reported, which may be released or generated in the aquatic environment by further physical fragmentation of microplastics. Similar to production of primary microplastic, nano-plastics are also intentionally manufactured for cosmetic products, printer ink for threedimensional printers, drug delivery, etc. (Mendoza et al., 2018) .
The research on nano-plastics is scarce and hence speculated to the most hazardous. The relatively high surface area of nanoplastics provides significant opportunities for toxic chemical attachment, thus increasing environmental and public health risk far greater than risks posed by microplastics.
This special issue of WMR for the ISWA World Congress 2018 features a review on the management of plastic wastes and several other important current topics. There is a special session on marine debris too in the Congress. A post conference workshop on Marine Debris is also planned to discuss this important topic of the day.
